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CHAPTERONE
工ntroduction
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l-2
PhotoresponsiveProcessesinNatureandin鯉 【odelSysterns
ConformationalAspectsofSyntheticPolypeptides
工一ユPhotoresponsiveP:ocessesinNatureandinModeXSystems
Amongthenaturallyoccurringprocessesinwhichliqht
Playsaroleofatrigger,onlytwosystemswillbementioned
here;phytochromeandvision.Manyofthelifeprocessesin
plants,suchasf工owering,qerπ しination,andtheexpansionof
leaves'arephotorequlatedbyphYtochromesY3一 ヒem.Phytochroie
isaproteinhavinqaprotheticgroup,asachro皿ophore,
identifiedasanopentetra-pyrrolederivative.Manyreseachers
havestudiedhowphytochromestructureisaffectedbyiight.Some
investigatorshaveproposedamechanisminwhichprotongenerated
photochemicallyfromthechromophoreistransferedtoaproton
accept。。 。ntheap。pr。tein.1)・ther・haveexplainedcntheba・i・ 。f
cis-transphotoisQmerizationoftheconゴuqateddoubユebondsof
2)th
echromophore.Bothkindsofmechanismsarecons⊥stedoftwo
steps}ph6to-inducedconfigurationaZchanqeof七hechro皿ophore
andacco皿panyinqchangeofproteinconformation.Thisisa
triggerwhichproducesvariouskindsofphysiolosical
responses・
Ontheotherhandtvisionisthemostextensivelystudied
photoresponsiveprocessinanimals.Thelightreceptorofthe
eyeisrhodopsin(visualpurple),whichcontainstwoc(ンmpcnents,
photoisomerizablechromophoreretinalandapoproteinopsin.
Theretinalseemstoattachtoξ 一aminogroupof工ysineresidue
inproteinbyaSqhiff-basebond.Thefirstphotochemica工
reactiQninthisprocessistheisolneriza・ ヒionof11-cis--retinaZ●
totheall-transform,whichisaccompaniedbytheconformational
changeofopsin,inturnleadingtothevarietyofphVsioloqica工
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responses.Oneco㎜onfeatureofbothsystems,'=phytochromeand
vision,is七heregulationoftheirbiologicalactivitiesbythe
conformationalchanqesofproteinpart,inducedbytheconfigu-
rationalchanqesofalow-molecular-weightphotochromicmolecule .
Therearemanyreportsonthephotorequlationofenzynle
activity.Althoughenzymesthemselvesareinsensitiveto工iqht,
七heycouldbemadephotoresponsivebymeansofaninteraction
withaspecificphotochromicInolecule.工nsuchenzyrnesystems,
oneofthecomponenヒs,$uchassubstrate,inhibit`⊃r,env■ 「on1..ent='
3}andenzymeitself
,shouldbephotoresponsive.
AnaloqouSSystemstothebiOIOgiCallyactivemacrOmOleCUleS
canbeproducedbysyntheticpolymerscontainingphoto⊥someriza-
blechrolnophoreinしhesidechainormainchain.Amonqtheearly
worksinwhichpolymerconformationwasmadesubゴectt{⊃photo-
regulationwerethoseofLovrien。Hepreparedpoly(methacrylate)
havinqazobenzenemoietiesinthesidechains,andfoundthat
4)■tsv■scosユーtyandconforma七ionchanqebyphotoirradiation(Fiq.1).
Muchefforthasbeenin▽estedtosimilarstudiesandsomeproper…
tiesofpolymers,suchaspHinsolution,conductivitytelectric
resi・tance,andc。ntractilitywereph。t。requlat。d。uccessfully.5)
Recently,photo-inducedchanqeinstructuresandproperties
ofmodelmembraneshavebeenobservedbyKunitakeetal.with
a・。ben・enec・ntaininqamphiphiles.6)
Cyclodextrins(CD)havereceivedaqreatdealofaヒtentionas
enzymeactivesitemodelsbecauseoftheirincludingandcataly-'
ticabil土ty.Azobenzene-cappedβ 一cyclodextrinwaspreparedby
Uenoetal.andphotorequlationofbindinqability,chiral
一2一
rec。gniti。n即dcata・yUcactiyエtywereper加rmed.7)they
proposedthathydrophobiccavi七ysizeofiβ 一CDwasexpandedby
trans-cisphotoisomeriza七ionofazobenzenemoieties。(Fiq.2}.
Crownethers,whichbindalkalinemetalcationsstronglyr
maybemadesubjecttophotoreguZationbytheinductionofphoto-
chromicmoieti.es.工nthisrespect,Shinkaietal.haveshown
thattrans・-azobenzene-bridqedazacrownetherbindsanammoniu皿
cati。nandmethy・ 。ranqe。a・t。 。fLi+andNa+'preferab・y,whereaS
..十 十
〇fKRbpreferably.Thec■s-formbind$methyloragesaltsand
resultswereexplainedintermsofphotoinducedexpansionofthe
cr。wn。ther。i。e.8)Aph。t。re。p。n。ivebi。(cr。wnether)with
azo-linkagewasalsosynthesizedbythem.Theyfoundthatphoto-
irradiatedbi。(。r。禰ether)b。undK+ab。ut50timdsm。reeffec-
tivelythantransderivativeowingtotheformationofintra-
9)
moユecular1:2complex(Fiq.3).
Inthisstudy,theauthorintendedtocons七ructtheartifi_
cialph。t。re・p。n・ive・y・tem・ 。mparedwiththenaturalユy。ccurring
onessuchasphyt。chr。meandrh。d。P・in,・ndpreparedn。lyp・ptide
・erie・havinqa・ 。benzeneqr。ups,astheph。t・recept。r ,intheside
chain・Thebr。ad。utline・fc。nf。rm・ti。n・ 。fthe・yntheti・p。1y -
peptideswillbedescribedatthenextbriefsection.
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1早2ConformationalAspectsofSyntheticPolypeptides
工nordertodes⊥gllしhepkotovesponsivesyst∈ ∋皿srsynしhetic
polYpeptid∈sseemtobeattractivemacromoleculesbecausethey
cantakevariousconformationsdistinctlydifferentfr【)meach
othertwhiごhisnotrealizedforvinylpolymers.=[nthisstudyt
photoregulationofpolypeptideconformationwasattem.nptedby
usinqthecopolymerscomposedofm-,orpr(phenylazo)止 〕enzyl
L-。aspartateanddiscussedinchapteエs2and3indetail.
TheapPlicationofthespectroscopicmethods,IR,NMR,ORD,
andCD,totheconformationalanalysesofthesyntheticpoly-
peptideshasledtotheconclusionthat,inhelicogenicsolvents,
manypolypeptidescomposedofL-aminoacidstakeahelical
conformationwithariqhし 一handedscrewsense.Subsequentstudies
have,however,demonstratedthatpoly(aspartates)areexceptions
tothisgeneralrule・ 工naseriesofpoly(β 一alkyl]]-aspartates),
poly{β一methylL-aspartate)formsleft--helndedc」helixandthe
ethyユ,n-propyl,isopropyl,n-buー ヒyl,isoa皿ylrandphenetylesters
arerighthanded.エ0)・fintere。ti。th。factthatthe・eft--
handedα 一helixofpoly(β 一benzylL-aspartate)(PBLA)isconverted
totheriqht-handedformwhenitischangedtothep-nitre,
P-methyl,P-chloro,orP-cyanoderivative.Althoughpoly(β 一P-
chlorobenzylL-aspartate)assumesaright-handeda-helixtthe
。rth。 。ndmetai。 。m。。sweresh。wnt。exi。tinleft.handedf。rm。.ll)
Enerqycalculationsforthesepoly(aspartates}werecarriedout
todeterminetheirmoststablehelicalconformations,andwere
■ngoodagreementwithexperimentaldataexceptforpoly(β 一ethy工
一5一
L-aspartate}.Theformationofleft-handedheユixofthemethyl
andbenzylestersofpoly(asparticacid}wasattributedtothe
strongdipole,・dipoleinteractionsbetweentheside-chainester
groupsandthebackbone,whichdestabiユizetheriqht-handedhelix
relativet。theleft-handedheXix.12}Furtherin。re,iti。als。
welユknownthatrinfilmrα 一helicalconformationofPBLAcanbe
convertedintoω 一heiicalorβ 一formbythermal.treatment.From
theobservations皿entionedabove,helicalconformationsofazo-
modifiedPBLAareexpectedtobeversatiletandmaybeperturbed
bycis-transisomerization.
一6一
CHAPTERTWO
Light-inducedConformationalChangesofCopolyTnersofY--Benzyl
I.-Glutamatewithm-,andp-PhenylazobenzylL-Aspartates
2-1
昌2-2
2-3
工n七roducしion
Experimental
ResultsandDユscuss■on
2-1 工ntroduction
Fourcopolyraerseriescomposedofm-,andp-(phenylazo)benzyl
L-aspartatesandYr.benzylL-glutamateorβ 一benzylL-aspartatewere
ロ コら
preparedtoinvestigatetheeffectsofside-chaエntrans-cエsユsomer-
izationontheirmain-chainconformations.Theresultsoftheco-
polymersofm-,andp-(phenylazo)benzylL-aspartatewithY-benzyl
L-glut・matearediscussedinthischapter.$indep。1ypeptides
composedofY-benzylL-～Jlutamateresidueshaveastrongtendencyto
f。rmriqht-handedα 一he、ices・3),thep。 ・ymerswithapr。pera…t「 。f
Y-benzylL-qlutamateresiduest。qetherwithaz・benzeneq「 。upsa「e
expectedtoadoptright・-handedones.Howevertthes・ ヒabilityof
α一heliceslnaybereducedbyincreasingtheazoresiduesoftheco-
P。lymers・Further'theenerqYbalance。ftllep。lyme「sTnightbe
perturbedbytheconfiqurationalchanqe,andthenso皿eccnforma-
tionalchangesmiqhtbepossible.
Photoisomerizatioriofpolypeptides与idechainswasreportedfor
14)
andalsoforthecopolymersof]」-p-(phenYlazo}phenylalanine
l5}
.However,noconformationalchanqepoly(Y-・cinnarnylL-qlutamate)
couldbeinducedbyirradiationbecauseoftheirconfor皿ationa工
stability.Recently,waterso工ublepoly(L-glutamicacid)containing
azobenzenegroupsinthesidechainwasreportedtoshowtherevers-
ibleβ 一c。iltransiti。n.16}
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2-2 Experi皿enta1
Materials.ThesolventsusedforrecrystallizationofN-
carl)oxyanhydrides(NCA)andforpoユymerizationwerepurifiedshort-
lybeforeuse,dioxaneandhexanebydistillationoversodium,
ethyユacetatebydistillationoverKOH.Forthemeasur.en,entsof
op七icalpropertiesinsolution,"DotiteSpectrosol"gradel,2-
dichloroethane(DCE)we.susedwithoutfut亘erpurification・
-Amixture・fp-nitr。ben・ylal・ 。h。1
(30cJ),drymethanol(50ml)andpalladiumcarbon(5weightgo)(1.5
g)wasagitatedinanautocユaveunderanat皿osphereofhydorogenう
{initialpressurewa・100kq/crn`∂).Aft・rthecatalythadbeen
reoovedbysuctionfiltration,・ ヒhefiltratewasevaporatedtodry-
nessunderreducedpressure.Thecrudeproductwa:recrystallized
fr。m・than。1..Yi・ ・d,18。5q(77・ 。)、mp58-60.C(lit,17)63.64。C).
F。und;C'67・711H'7・22・N'ユ1・30"・ ・Cal・d ・f。rC7HgN。 ・C'
68.27iH,7.37,N,].1.37!き.
_L∴m-Nitrobenzylalcohol(30q)was
reduced,asdescribedabove,tom-aminobenzylalcoho工.Yield,15.9
9(66・。)、mp9・-93.C(・it,18)95-96.C).F。und:C,68.29,H,7.47、
N'll・150・・Cal・d・f。rC7HgNOIC'68・271H'7 ・37'N'11・37ge・
P日Pheny!azobenzylAlcohol(3)・Amixtureofalcoho1(1)(129)
andethanol(40ml)wasaddedwithstirrinqtoamixtureofnitroso-
benzene(工2g),ethanol(120m1)andglacialaceticacid(12ml).
Aft=erthemixturehadbeenstirredfor2h,theproductwascrysta-
1工izeduponcoo工ing.ThecrudesolidwasrecrYsta⊥lizedfrom
ethan。1.Yie・d,9.9q(482),mpl42一 工43.5。C(litl9)142.5-143。C)
F。und・C'72・78'H'5・72∫N'13・16"・ ・Caユcd・f。rC13H:2N20・C'
一9一
73.56,H,5。70}N,13・20号 ●
!9:sP:ng!}z,1AEgRhlazob皇!-Thealcoholwaspreparedfrom
(2){12q}andnitrosobenzene(工2q)inthesamewayasfor(3).　
Thecrudeproduc七waspurifiedbydistiユlation{177C,3㎜Hq).
Yieユd,・8.8q(9・9)、mp36.C(・it20)34.5-36.C).F。und・C,73.5。
H'5・68}N・13・10fo・Calcd・f。rCl3Hl2N2。 ・C'73・56,H'5・70'
N,13.20iと.
Rニー ,5)・Amixture。fL-aspartic
acid(5.8q),alcohol(3){10q},p-toluenesulfonicacid(9.2q),andロ
dioxane(60ml)washeaヒedwithstirringat80Cfor24h.The
reactionmixturewasevaporatedtodryness,andtheresiduewas
neutra工izedwithasodiumhydrogencarbonatesolution.Theprecipir
tatedcrystallineproductwasfiltered,andwashedwi七hace七 〇ne.
Thiswasrecrystallizedfroma.mixedso]-utionofdioxaneandwater
ロ こ
(1・lbyv。lume)・Yi・ld'1・39(8・4宅)∫mp229-229・5C;[・r]D=+。 ・63
(。=3.・,di。hl。r。aceticacid〕.エR、 ・735,1585cゴ1.F。und、C,
62・26;H'5・38}N・12・33竃 ・Calcd・f。rCl7Hl7N304・C'62・38;
H,5。23;N,12.840"e.
一_」LEster(6)waspreparedfrou
alcohol(4)(工Og)andL-asparticacid(5.8g)inthesamewaLyasり り
f。r(5)・Yieエd'。 ・869{5・8e6);mp218-2エ8・5C'lodD=+o・93(c=1・5'
aceticacid).エRl720,ユ585cm-1.F。und、C,62.41,H,5.45、
N'12・38Z・Calcd・f。rCVHI7N3。4・C'62・38;H'5・23言N'12・849・
P-PhenVlazobenzVlL-AsPartateNCA(7)・ThisNCAwasprepared
fromaminoacid(5)(2.5g)andphosgeneusinqthereportedproce-
dyr・.2エ)Yie・d,・.3q(48ge},mp24。-24・ ・5.C・ エRl・86。,・788,ユ721
cm-1・F。und・C'61・41;H'4・42∫N'12・029・Calcd・f。rCXSHIS-
N3。5・C'61・ エ9,H・4・28;N'1ユ ・899・
-10一
一
fromamiτ10acid(6)(2g)andphosgeneusinq
ゆ
Yield,1.29(56?);mpl33.5-134・5C・ 工R=
Found:C,61.27;H,4.27;N,ll・86号 ・
C,61.19;H,4.28アN,ll.89亀.一 里一 ・
ThisNCAwasprepared
21)
thereportedprocedure.
-1 .1850
rl800,1735㎝
Cal・d・f。rCISH15N30Sl
dissolvedindioxane(0.ユM),andaO.004Msolutionof
a皿ineindioxane(monomer=initiator=40=ユ)wasadded.
しionwascarriedoutatroomtemperaturefor5days、
mixturewasaddedtovigorouslystirredethanol.Theprec■p■tate
wascol⊥ectedonafilter,washedwithseveralportionsof　
anddriedinvaeuoat40C.Found=C,65.79;H,4.
Calcd・f。r(C17Hl5N3。3)nlC'66・ 。llHr4・89,N'13・
Poly[β一(m-phenylazobenzyl}L-aspartate](m-PALA).
preparedfromNCA(8}inthesamewayasforP-PALA・
66・24;H'4・91;N・13・730・ ・Calcd・f。r{C17HISN303)n
H,4.89,N,13.5890.
Polyiners.Copolymerswerepreparedinananalogouswayto
ヒhatforhomopolymersbyusinqvariousratiosofY-benzylL-qluta-
ma七eNCAandm-orP-phenylazobenzylL-aspartateNCA・Molepercent-
aqeofazoresidueinthecopoユymerswasestimatedfromtheirni-
troqencontentsobtainedbvelementalanalVses・Thereducedspe-
cificviscosityofeachpoiymerwasmeasuredforaO.19。1,2-di一む
chloroethanesolu ヒーionat25C.Viscositymeasurementcouldnotbe
carriedoutforp-PA工 、Abecauseofitsinsolublecharacter,orfor
thecopolymerscontaining74.090p-phenylazobenzylresidueand78.O
o6m-phenylazobenzylresiduebecauseoflowyieldsofthesa驚ples.
Dataonthehomopolymersandcopolymersaresu㎜arizedinTablel.
-11一
NCA(7)was
triethyl-
P。1yineriza-
　'rhereact■on
e仁hano1
83,N,13.08e6.
レ
58竃.
m-PALAwas
Found:C,
;C,66。Ol7
Tablel.YieldsandViscositiesofPolypep七ides
]Mole亀 】国【ole亀
azoaZOYield
P。・ymerdesignati。naNCAbc。ntentcr、gX n。p/cdci。9
P9-5
P9-7
P9-9
P-PALA
mg-3
mg-5
mg-7
mg-9
m-PALA
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
44.9
74.0
85。X
lOO
25.0
44.3
78.0
88.7
ZOO
19
22
27
63
62
46
'5
64
218
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
0.44
e
O.16
f
O.51
0.37
9
0.28
0.23
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
aC。P・l
y・ner・eries。fY-b・n・y・L-q1吐amatewithβ 一m-andβ
一P幽phenyla・。ben・ylL-aspartate・arede・iqnateda・ 凹andPa
,
brespectively
.Mole竃ofβ 一m-orβ 一P-(phenylazo)i"enzylL-aspartate
NCAreactedwithy-ben・ylL-glutamateNCA .cDeterminedfr。 皿
thenitr。qen・ 。ntent。fel・mentalanalY。is.dMeasuredinO .1暑
1'2-di・hl。r。etha・1es。luti。nat25・C.el。wyield .
fin
。。・ubユ。.q・ 。wyieユd.
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Photoisomerization.Photoisomerizationwascarriedoutwith
a500-Whighpressurexenonlamp(USH工O)onDCEsolutionwith
concentrationoflmg/皿 ユusinqaCo=ninq7-37filterwhichpermits
thelightof310-380nrntopass.Thecispercentagewascalculated
fromtheabsorbanceat320nmassumingthattheabsorbanceis
substantiallyproportionaltotheconcentrationoftheヒransisomer
inview。fthel。wextin。ti。n。ftheci。i。 。m。ratthew。velength.22)
Measurements.CDspectrawererecordedonaJASCOJ-20
circuユardichroqraphapparatuswithcellthicknessofO.landO.Ol
cm.Duetotheabsorptionof・ ヒhe§olventnospectracouldbeob-
tainedbe工ow210nm.Molarellipticitieswerecalculatedforthe
supposedlyintrinsicbandaround222nmusingthe皿olarconcentra一か
tionofamidegroups,whilethemolarconcentrationoftheazo
ロ コ ココ コ
groupswasusedforthecalculationoftheell■pticit■esassoc■a-
tedwiththeextrinsicbands.Ultraviolet(UV)spectraweremea-
suredwithaJASCOUV工DEC-1spectrophotometer・NMRspectrawe「e
taken。naJEOLPS-100。pectr。meter.S。1inti。n。fca.10mq/r・1
werepreparedinCDCユ3c。tainingTMSa・aninte「nalreference・
一13一
2-3 Results・ .andDiscussion
Photoisomerization.TheUVspectraofm-PALAbeforeand
afterirradiationareshewninFig.4.Themajorelectrictran-
・iti。n・ 。fthi・p。1}merareessentiallyth。 。e。fa。 。ben。en6.23)
Thebandform-PALAbeforeirradiationinthe320nmreg『ion(ε=2200(
isattributedtoπ,πtransitionandthebandinthe430nmregion
(・=7・・)t・n,π ★tran・iti。n.24)The。pe。tr、_fterirradiati。n
resemblesthespectxumofcis-azobenzenereportedbyGersonand
23)CO-workers.Thespectraoftheotherpolymersbeforeandafter
irradiationaresimilartothoseofm-PALAintheregionsof・ ヒhe
★ ★
azolrrπandn,π しransitions.
ThecispercentacJesofallthepolymersatthephotostation-
arystateareqiveninTable1.Thevaluesoftheparacopolymer
seriesarealmostthesameandcloseto70号.OntheQtherhand,
aconsiderabledecreaseincispercen・ ヒaqeisobservedfor七hemeta
copolymerseriesonproceedinqfromthecopolymerwiththeleast
azoresiduetothecopolマmerwhichcotains89.3亀azoxesidue .
Thedecreasedcisconversionforthemetacopolymersmayresult
fromstericrestrj.ct土onsbetweentheside-chainmeta-azobenzene
groups・Thecispercentageofm-PALAseemsslightlyhigherasa
polymerwithside-・chainsofmaximals七ericrestrictions.Thismay
beduetotheconformat⊥onaldifference.
CDandNMRSe(北raoEmeta-Copolmers.Themaximumor
,..★
mエn■mu皿ell■pticitiesassociatedwithamidenlπtransitionthe
at222nmbeforeandafterirradiationarep工ottedagainstthe
moエepercentageofazoresidues(Fig.5).Thevaluesarealmos:ヒ
independentofthecopolymercompositionforthecopolymerswith
一一14一
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Fig.'4.Ultravioletspectraoξrn-PA工Abefore(
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★
ass。ciatedwiththe・ide-chainn'T(A ,△)an母the★
amiden'・(●t
,。)tran・iti。n・bef。:e(△'●)andヰfter
(△,。)irradiati。nf』rthemet。-c。P。・:,蹴。aSl
functionsofthe'azocontent."
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less七han80号azoresidues。Theseobservationssuggestthatthe
overlapPingofallowedtransitヒionsoftheside-chainchrornophore 亀
withthosefromthepeptidemainchainiseithersmallorabsent
inthepolymers.Thisisincontrasttothatforotherazo-
arornaticcopolypeptideswhichcontainp-(p-hydroxyphenylazo)phenyl-
25)F
orthesepolymers,decreasingintensityofalanineresidue.
thepeptidemain-chainbandwasobservedwithincreaseinmole
percentage・fthea・ 。residue・ ・ エf・netake・1θ1222=-40000±10X
f。rl・ ・Xriqht-handedα 一helix,26)themeta・-c・P。1y・ner・areall
confirmedtoexistasright-handedα 一helices。Ontheotherhand'
CDspectrumofrn-PALAbeforeixradiationshowsamaxi皿umwiththe
valu・ 。f[θ]222-28000(Fiq・6)'c。nfirmingthec。nclu・i。ntogethe「
withtheresultsofits工R、specしru皿 七hatthehelixofm-pA丑A■s
Ieft-handedinlr2-dichloroethane.Theellipticitiesat222nm
seemunaffectedbyirradiationforthecopolymerswithlessthan
809。azoresidues.However,irradiationcausessignificantchanges
intheellipticityvaluesofthecopolymerswithmoreazoresidues.
Theabsoluteellipticityof89.31きazocopolymerincreasesfrom
lgQOOto33000byirradiation,confirmingtheincreasedpercent一レ
ageofhelicity。Thisenhancedhelixcontentmiqhtbeduetothe
releaseofstericrestrictionsbetweenthetranssidechainsby
theforrnationofcisisomers.TheelZipticityofm-PALAde-
creasesfrom28000tol3000byirradiation,confirmingthe
inducedinstabilityfori七sleft-handedα 一helicaiconforrnation・
Thisobservationcouldbedueto『 ヒhepartialtransitionfrornthe
left-handedα 一he工ixtoarandorncoiloraright-handeda-helix.
工tisdifficultonlybYtheCDspectratodeter皿inewhichofthe
一17一
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Fiq・6.CDspectraof皿 一・PALA(a)andthemeta-coDolvmer
wi晦 …-nten-9・3宅(b)bef・re叶)
andafter(一 一一一)irradiation.ll
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coformationaltransitionsisresponsiblefortheobservation.
Thereduced・pecificvisc。 ・ity'n。P/c(c=0・1in1・2-dichl。r。 一　
ethane),measuredat25CchanqesfromO。23toO.49byphotoirra-
diation・Thissugqeststheincreasedvolulneinducedbycollapse
ofthehelicalform.
ProtonNMRspectraatlOOMHzweremeasuredform-PAI・A(Fig.
,7)inordertoobtainfurtherevidenceforthepar'ヒialhelix-coil
transition。Thespectrumofthefullyheユicalm-PALAinO.3亀v!v
triflu・r。aceticacid/deuteri。ch1。r・f。rm(TFA/CDCI3》 ・。Zuti。n
showsapeakat4。37PPmfromα 一CHprotonandabroaddoubletat
3・28and2・76PPmfromtheβ 一一CII2P「otons・Thespectrumof七he
「and。m-c。iユf。 「m。fm-PA]Ain39v/vTFA/CDCI3・ 。1uti。n・h。w・a
peakat4.86ppmfromα 一CHproton(shoulderofthepeakfromthe
ben・ylCH2pr。t。ns)anda・ingユepeakat3・OlpPmfr。mtheβ 一 CH2
protons。Thechemicalshiftsareclosetothosereportedforthe
L」aspartatepolymers.Thespectrumofm-PALAafterirradiation
inCDCユ3・h。wsac。mpユexpattern・Thetw。 α一CHchemica1・hifts
observedat4.40and4.90ppmcorrespondtotheα 一helixand
random-coilpeaks,respectively.Anotherchanqetobenotedis
thatf。rtheβ 一CH2res。nance'whichsh。wsa・harpPeakat2・66
ppmprobablyfromtherandom-coilformoverlappedbythehiqh
fieldcomponentoftheβ 一CH2doubユetoftheheユix・Cornparedwith
thechemicalshiftoftherando皿coilcausedbyTFAaddition,it
isshiftedupfield.Thecauseoftheshiftisunknown,butit
mightbeduetotheabser℃eofTFAoraringcurrenteffectof
formedcisisomers.Theresu工tsofNMRspectra皿ightbeinline
withthoseofCDspectra.
一19一
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SubSequentrelaxati。n。fm-PALAbackt。the。riqinal・ 。nf。「ma-
ti。nwa$f。11。wedbyit・CD・pectra(Fiq・8)・Maximumellipticities
at222nmarepl。tteda・afuncti。n。fci・percentage(Fig・9)・
エt・h。w・anabrupt・hange。flθ]222at。ver5。9・The「esultdem-
onstrates七hattheenergyrequiredfortheconformationalchange
。。皿esf。 。mci・f。rm・inthe・idechain,・vi9・tultimatelyfr。mlight
energy・
TheCDspectraassociatedwiththen,官transi't二ionoftheside-
chainchromoPhorebeforeandafter'irradiationaregiveninFiq.10
maxエmumorm■nln1umellipticitiesbeingplottedaqainstmoleper-
centageofazoresidue(Fiq.5).Thecopolymersshownodichroic
.★
band■ntheregionofthe¶ ・'πtransitionoftheside-chainchromo-
phore.Oneimportantaspectistherelationbetweenthesignof
theside-chainCDbandandthebackbonehelixsense.Thereisthe
possibilitythatthesiqnoftheside-chainb昌ndisoPPositecorre-
・p。ndingt。the・eft-andright-handedh。 ユi。e。.21)TheCD。pectra
ofthemetacopolymerseriesprovideoneexamp工eofthecorre-
spondinqbehaviorsincem-PALAshowsapositivebandwhilethe
right・-handedcopolymersshownegativeband.Usuallytheoriqinof
induceddichroicbandsisdiscussedinthetermsofsidechain-
sidechainandsidechain-mainchaininteractions.工nthecaseof
theformerinteractions,theindUcedcirculardichroismisexpected
tobedependentolltheconcentrationoftheside-chainchromo-
phoresinthecopolymers。Nosuchdependencywasobservedforthe
polymersstudiedhere。TheelZipticitiesoftheside-chainCD
bandsbeforeandafterirradiationarealmostindependentofmole
percentaqeofazoresiduesinthecopolymersunlessconformationaユ
オ
changesareinduced.Thustheside-chainnt■CDbandshouldbe
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attributedtothecouplingbetweenthebackboneandthesidechain.
CDSpectraofpara-Copolymers.Minimumellipticitiesassoci一
オ
atedwiththeamiden,Ttransitionareplottedaqainstmoleper-
centageofazoresidueinFig.ll.TheCDspectrumく)fP-PALAcould
notbemeasuredsinceitisinsolubleinl,2-dichloroethane.The
spectraofthecopolymersshowthattheyassu五ueartight-handedα 一
helicalconformation.Photoirradiationdidnotchanqetheminimum
★
elliptici『ヒiesofthecopolymersintheregionoftheamiden,π
transitionexceptfortheazo85.9暑copolymer.Thiscopolymer
showsincreaseinabsoluteellipticityafterirradiation,which
indicatesanincreaseofhelicitythoughnotsoremarkab:Leasob-
servedforthe89.39meta-azocopolymer.
TheCDspectrabeforeandafterirradiationassociatedwith
★ ★
theside-chainn,・ πandπ,πtrnsitionsaregivenillFiq.12.Their
maximumorminimumellipticitiesareplottedaqainstthemoleper-
centag『eofazoresiduesinFig.ll.Theside-chaintransitionsare
affectedremarkablybyirradiation.Theellipticityforthen〆 π
transitionincreasesaqreatdealwithinversionofitssign,カ
whereasthecirculardichroismforther,Ttransitionvanishes.
Similarlytothecaseforthemeta-copolymers,theellipticities
ナ
oftheside-chainn,πCDbandsbeforeandafterirradiationseem
tobealmostindependentof・ ヒhemolepercentaqeofazoresidues.
ThisconfirmsthefactthaヒtheorigrinoftheCDbandsresidesin
sidechain-mainchaininteractions.However,theabsolu'ヒeellip-
★
ticityoftheside-chainπ,πbandobservedonlybeforeirradiation
increaseswithincreasingazoresiduetwhichsuggest=ssidechain-
sidechaininteractionsastheoriginoftheCDband.
一一25一
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オ
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asafunctionoftheazocontent.
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]Light-inducedConformaヒionaiChanqesofCopolymersofβ 一Benzyl
LrAspartatewithm-,andp-PhenyazobenzylLrAspartates
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3一工Introduction
Inchapter2,theresultsofthecopolymerseriesofY・-benzyl
1[s-91utamatewithβ一m-,orβ 一P-(phenyla20)benzy工Zd,-aspartatewere
describedandthefollowingrヒwoprocesseswereshown.
randomcoil自right-handedhelix
left-handedhelix≡ ≡==三randomcoil
Reversalinhelixsensecouldnotbeattainedforthesecopolymers.
工nthischapter,theresultsofcopolyrnerseriesofβ 一benzyl
L-aspartatewithβ 一m-'rorβ 一p-(phenylazo)benzyiL-asparta・ヒe(meta
orparacopoユymerseries)aredescribedinrela七iontothelight-
inducedhelixreversion.
ユeft-handedhelix≠ 三riqht-handedhelix
一28-一
3-2 Experim帥tal
P。lytners・AlエP。lymerswerepreparedacc。rdingt。thepr。-
ceduredescribedinchapter2withvariousratiosofβ 一benzyl
L-aspartateN-carboxyanhydride(NCA)andβ 一m- ,orβ 一・P-(phenylazo)-
benzylL-aspartateNCA.Molepercentagesofazoresiduesinthe
copolymerswereestimatedfromtheirnitrogenconter】tsobtainedby
eユementalanalyses.Thereducedspecificviscosityofeachpolymer
ロ
wasmeasuredforaO.liき1,2-dichloroethanesolutionat25C .
Visc。sitymeasurementc。uエdn。tbecarried・utf。rp。ly[β 一P-
(phenylazo)benzylL-aspartate]andtheparacopolymerwith81Peazo
residuesduetotheirpoorsolubilityin工,2-dichloroethane .
ThedataonthesepQlymersaresummarizedinTable .2.
Photoirradiat二ion.Photoirradiaしionofsamplesolutionswas
carriedoutaccordingtothemethoddescribedinchapter2 .
Neasurements・ 工RmeasurementswereperformedonaJASCO工RA-l
infraredspectrQmeteratroomtemperaturebyuseof1 ,2-dich工oro-
ethaneassolvent。CDspectraweremeasuredaccordingtothepro-
ceduredescri1)edinchapter2・NoCDspectrumQfpoly[β 一P-一(phenylazo
benzylL-aspartate]couldbemeasuredduetoitsinsolubilityin
l,2-dichloroethane.Asfortheparacopolymerwi・ ヒh81宅azoresidues
'
solublepartwasused.Ontheirradiatedsolutions,specialcare
wastakeninordertoaccomplishthespectralmeasur-ement:squickly .
一一29一
Table2.YieldsandViscositiesofPolypeptides
aPolymerdesignation
鯉1ole号Mole審
azoazoYield
bcmg号contentNCA
d/cnsp
ma-l
ma-3
ma-5
ma-7
ma-9
m-PALA
pa-l
pa-3
pa-5
pa-7
pa-9
p-PALA
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
「
?
9.7
31.6
49.1
66.7
92.2
100
7.4
26.2
43.4
59.2
81.4
100
?」
?」
【」
【?
?
?
【」
?
?
?
?
??
?
?
?
?
??
?
?
「?
?
?
?
?」
?
?
?
?
?
??
?
?
??
??
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
aC
。P。lymer・eries。fβ 一ben・ylL-a・partatewithβ 一m-andβ
一p-phenylazobenzylL-aspartatesaredesiqnatedasmaandpai
bMol
e号ofβ 一m-orβ 一p-(phenylazo)benzylL-aspartaterespectively.
NCAreactedwithβ 一ben・ylレaspartateNCA.cDeter・ ・inedfr。mthe
nitr。9。nc。ntent。fele、 ・entalanaly。i。.dMea。uredinO.ユ9
0e
l,2-dichloroethanesoluヒionat25almostinsoluble.C.
fi
nsoluble.
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3-3 ResultsandDiscussion
CDsectraofrneta-CoOlmers.TheCDspectraof頂 旧taco-
po工ymerseriesbeforeandaft,rirradiationshowdi,chroicbands
カ
associatedwitht=hen,Ttransi・ ヒionsofthemain-chELinaniideand
sユde-chainazochromophoresat222nmand420-450nlll ,respectively.
N。di・hr。i・b・ndwa・ 。bservedinthereqi。n。ftheT ,rr'tran。iti。n
ofthechromophore.Thevaluesof[θ]a・ ヒtheextremaa・replotted
aqainstthecontentofazoresidue$(mol署of{phenylazo)benzylL-
aspartate■ncopolymers)(Fiq.13).Molarellipticitiesoftheside-
chainbandwerecalculatedwithuseofthemolarconcentrationof
aZoresidues・Thespectraaround22211Mbeforeirradiationarea1-_
mostindependentofthecopolyrnercomposition,andareverysimilar
tothoseofpoly(β 一methylL-aspartate)whichassurnesaleft-handed
α一h・・ica・c。nf。 ・mati。n.10)The。e。bservati。nssuqqe。tthat。ver.
lappingofallowedtransitionsofside-chainchromophoreswiththose
fr。mthepeptideba・kb。nelLseithersma11。rabsentinthep。lymer・ .
ThebehaviorofthiscopoユYmerseriescontraststothat`)fazo_
aromatユcpolypeptidescomposedof〔phenylazo)phenylalanineorits
analogsreportedbyGoodmanetal .,whichshowsthespecヒraaround
222nmsignificantlyperturbedfromthosetypicalforα 一h白licesdue
totheoverlappingoftransitionsoftheside-chainchromophorewith
th。sefr・mthep・ptidebackb。n。.27)Theva・u。 。 。f[θ]at222n,、d。
notseemヒobeaffectedbyirradiationforthecopolymerswitha20
residuesofsmallerthan502.Howevertthevaユuedecreasesforthe
copolymersof679and92号azocontentsandm-PALA(Fig .13and工7).
Thevalueof[θ]at222nmisgenerallyusedtocharacterizethe
helicity'・thedecreasedvaluesindicatinqtheincrea・eininstability
一31一
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Fig.13.VariatiQnofmaxi皿umellipticitiesassociated
★ ★
withtheside-chainnジT(■ .口)andtheamiden,τr
(●,O)transitionsbefore{瓢,●)andafter(口,○)
irradiationformeta-copolymersasafunctionof
theazocontent.
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f。rtheleft-handedα 一helice・ 。fthep。1ymers・Thevaエue・ 。f【 θ]22
arereducedbyirradiati・nfr。 皿2800。t。2。0。Oandt。240。 。f。r929
and679a。 。c。P。Zymer・,re・pectively,c。nfirmingthef。rmati。n。fa
appreciableamountofrandom・-coilform..
ナ
rPhesiqnsofthell,TCDbandoftheside-chainazochromo-
phoresarealwayspositive,notchanqingonphotoirradiation(Fiq.
13}.Thevaluesof【 θ]beforeandafterirradi耳tionareindependent
ofthecQntentofazoresidues,whichconfirinssidechain-mainchain
interactionsastheoriginofthedichroicbarld.
望Dand工RSpectraofpara-Copolymers.TheCDspectraof
paracoo.olyrnexseriesshowdichroicbandsassociatedwi・ ヒhtheside一
を き
chainTtTtranSitionaswellasthenrTtransitionsofthemain
chainamideandside-chainazochromophores.'Thevaluesof工 θ]at
theextremabeforeandafterirradiationareplottedagainstthe
contentofazoresidues(Fig.14).AllthespectraarQund222nm
beforeirradia・ヒiollareessentiallythosefor・ ヒheleft-handedα 一
helices.Thespectraafterirradiationdifferremarkab工yfrom
thosebeforeirradiationforthecopolymersof59%and81.毛azo
conヒーents`Fig.17).ThesecopolYmersbeforeirradiationdisplay
maximawi'ththevaluesof【 θ]=28000for59暑azocopo工ymerand222
[e]215=29QOOf。r812a・ 。c。P。lymer'afterirradiati・n皿inima
withthevalues。f[θ]224=-14000f。rthef・rmerand[θ]222=-19000
forthelatter.Theappreciableshiftfro皿222nmー ヒotheshorter
waveエenqthf。 ・th臼parac。P。 エymerwith819・ ・。re・iduessuggest・
thatittakesaperturbedconformationoftheleft-handedα 一helix.
iorneindicationofdoubletrouqhisalsoconsistentwithheiixる
re▽ersal.Sinsetheabsolutevalue$of[θ]areappriciablysrnaller
26)thanthevalu
eof40000reportedforright-handedct-helices,
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Fig.14.Variationofmaximumorminimumellipticities
★ ★
associatedwiththeside-chainnrr(鳳,口)πtπ
(A,A)andtheamiden,rr(●,O)tran・iti。n・bef。re
(▲■ ●")andafter{ム ロ,O)irradiati。nf。rpara-
copolymersasafunctionoftheazocontent.
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thecopolymersafterirradiationcannotbeentirelyriqht-handed
α一helices.工ncontrasttotheabovepolymers,theeffectofirra-
diationonconformationisneqligibleforthepolymerswithsmal工er
amountsofazoresidues.Certainamountofazoresiduesisnecessary
tocausethepronouncedconformationa工chanqes.Acriticalazo
contentseemstoexistatabout502.
,歯 ★Th
eCDspectraassociatedwith七hesidehcha■nntπandπ,π
transitionsofparacopolymerseriesbeforeandafterirradiation
areshowninFigs。15andl6.Beforeirradia』 ヒion,theCDspectraof
thetwocopolymerswithazoresiduesof7.42and26署exhibitno
dichroismintheregionoftheside-chainπ 〆rt二ransition,whereas
thespectraofthecopolymerswithmoreazoresiduesexhibit
distinctdichrois皿bandsintheregion.Adistinctdifferenceir】
★
theobservedT,πCDbandsexistsbetweenthecopolymerwith43亀
azoresiduesandthecopo工ymerswi七hmoreazoresidues.Asimple
positivebandisobservedfortheformerwhilethespectraofthe
la・ヒterarerathercomplicated,showingapeakinthe340nmreqion
andatroughinthe295nmregionwithacrossovernear310nm.
Theseparationofthesebandsissmall,confirnlingtheassignrnent
。fthebandt。 。xcit。nre。 。nancec。upling28)。f。patia・ ・yadjacent
azoaromaticchromophores.TheprecipitousapPearanceoft二heex-
citonresonancecouplingonincreasingazoresiduesmiqhtindicate
thattheazoresiduesarenotdistributedatrandomintheco-
polymerswithhighazoresidues.Thesidechainsofしhesepoユymers
areall。w。dt。arrangeth・rn・elvesinc1。sepackinginfav。r。fthe
delocalizationoftheelectronicexitation.Suchexcitonresonance
couplingwasalsoobservedintheπ,ntransiしionreqionofazo
chr。m。ph。resbyG。 。dmaneta・.27)f。rs。mea・ ・ar。naticp。lyp・pticle・
-35一
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Fig.ユ5.CDspectraassociatedwiththeside-chaintransitions
ofpara-copolymersinl,2-dichloroethane.
Beforeirradiation;azocontent43go().
Afterirradiation;azocontent7.4号{一 一一一),26篭(一 ・一 ・一)
43亀().
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Fig.ユ6.CDspectraassociatedwiththeside-chaint:ransiヒionsof
para-copolymersinl,2・-dichloroethane・
Beforeirradiation=azocontent59… き(一 一一一),oelP6().
Afterirradiation=azocontent599。 〔一一 一 一),81iき().
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'
=mposedof(phenylazo)phenylalanineoritsanalogues.工nthecase
⊃f{phenyazo)benzylL-aspartatepolymers,theexcitonresonance
:ouplingsee皿stobeverydifficultbecauseoftheallowedmovement
⊃fthesidechainsandtherelativelylargedistancesbetweenthe
sidechains.工nfact,itdoesnotapPearforothercopolymer
seriesof(phenylazo)benzylL-aspartateinvolving、thecopolymer
serieswithY-benzylL-glutamate.Thusitmiqhtbepossibleonly
・9hens。me・tericrequirementsaresatisfi・dc。n6erninqtheside-
chainconforma・ヒion.
ナ
エnthereqionoftheside-chainn,πtransition,circular
dichroismisabsent二 〇rsmallbeforeirradiationforthecopolymers
withazoresiduessmallerthan40亀.Onfurtherincreaseinazo
residues,thereappearesapositivebandandsubsequentlyaneqative
band.工tisdifficult一 ヒoexplainthecomplicatedspectralbehavior。
Nevertheless,itseemsthattheoriginofthebandissidechain-
mainchaininteractionssincetheremustbeaprofounddifficuユty
fortheelectronictransitionsbetweentheadゴacentsidechainsdue
toasmallvaluefortransitionrnomentofthen,πtransitionand
thelargedistancebetween・ ヒhesidechains.
Photoirradiationcausessignificantchangesintheside-chain
CDbandsoftheparacopolymers.Thedichroicbandassociatedwith
オ
thent"transitionvanishes.Ontheetherhand,apositiveband
ナ
appears⊥ntheregionofthen,πtransition.Thecornpletedis-
apPearanceoftheπtTCDband,inspiteofthepresenceofabout
202transisomersinthephotostationarystate,indicatestheimpor-
tanceof七rans-transside-chaininterac1ヒionsforthisCDband.The
オ
intensityoftheazon,・rrtransitionafterirradiationdoesno「 ヒ
dependonthecontentofazoresiduesinthecopoユymers(Fig。14),
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whichassumessidechain-mainchaininteractionsastheoriqinof
thisband.
TheCDspectraassociatedwiththepeptideP.πtransitionof
thepolvmerswhichundergolight-inducedconfor皿ati,⊃nalchangesare
s㎜arizedinFiq.17.Thespectralchangesinducedbyirradiati。n
canbeclassifiedintothreetypes,left-handedtoriqht-handed
helix{paracopolymerswithazoresiduesof59琶and81亀),left・-
handedhelixtorandomcoi1(metacopolymerswithazoresiduesof
lO(鬼,92き,and67毫)andrandomcoi工toriqht-handedhelix(copolymer
ofβ 一m-(phenyla20)benzylL-aspartateandY-benzylL-glutama・ ヒe;89=
11)・Thespectraofpurecisazoaromaticpoユypeptidescannotbe
obヒーainedsinceIOOs3conversioncouldnotbeattainedinしhisexper-
imentalcondition(about80Zcisinthephotostationarystate).
Thustheconforniationalchangescannotberegardedasヒhoseoccur-
ringbetweenpuretransandpurecispolypeptides.
Thesiqnsoftheside-chainCDbandsaresummarizedinrelation
七〇 七hehelicalsellsesinTable3.KonishiandHatanoshowedthat
theCDsiqnsoftheα 一bandonaro]〔naticside-chainchromophoresin
manyesterderivativesofpoly('glutamicacid)andpoly(asparしic
acid)aredeterminedbythehelicalsenseofpolymers,positivefor
l。ft-handedh。 エicesandneqとtiv。f。rright-handedhelice。.29)
Concerninqthe(phenylazo)benzylL-aspartatecopolymersincluding
copolymerswithY-benzylZ,-glutamate,itisfoundthat七heCDsigns
オ オ
oftheside-chainn,πandT,ubandsaredeterlninedbytheback-
boneconformationofthepolymers,positiveforleft-handedhelices
andnegativeforright-handedhelicesthoughsomeexceptionsare
present.Exceptionalbehaviorisencounterξldfortheparaco"
polymerswhichshowexcitonresonancecouplinqandtheriqht-handed
-39一
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Fig.ユ7,CDspectraassocia七edwiththeamidensπtransition
before(),andafter(一 一一一)irradiationinl,2-
dichloroethaneforthepoユymerswhichundergolight-
inducedcollforma七ionalchanges.a,b'para-copolymers
withazoresiduesof8Rand59宅,respectively。c,d,e;
meta-copolymerswithazoresiduesoflOO号,929and67亀,
respectively.f;Copolymerofβ 一m-(phenylazo}benzyl
L-aspartateandY-・benzylL-glutamate(89:ll)
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Table3.
オ オ
CDSignsoftheSide-ChainnrTandFl',πBands
Copolymerseries Helixsense Before
irradiation
After
irradiation
★
n,TE' T,T「 nfT
★
?
?
?
?
?
?
?
?
right
left
right
left
?
?
十
?
?
?
sSignsforthecopolymers
arenoヒincluded.
showingexcitonresonancecoupling
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paracopolymersafterirradiarヒion.Sofarthereisnoexplanation
fortheseexceptions.
Therelaxationprocessbacktotheoriginalstatewasstudied
fortheparacopolymerwith59号azoresiduesbyCDspectra.The
ナ
CDspect「aass。・iatedwiththeamiden・Ttransi㌻ 屯。nchangeinc・m-
plicatedmannerinthecourseofrelaxation(Fig.18).Thebehavior
ofCDchangecanbeattributedtothemixinqofdifferentconfor皿a-
tions■LAftercompletedecayof・ ヒheside-chainchromophox'esinto
thetransisomerstheoriginalCDspectr㎜wasagainobtained.The
valuesof[θ]at222nminthecourseofrelaxationareplotted
againsttheciscontent(Fig.19).工tshowsanabruptchangeof
【θ]222atm・rethan5。9・i・ ・ エt・h。uldben。tedthatthetran・iti。n
i$causedbyvariationintheratioofdifferentconfigurationsof
thesidechains.Theusualconformationaltransitionsinvolving
reversa:inhelixsensehavebeensho、moncopolymerscomposedof
differentaminoacidssuchasβ 一benzylL-aspartateandsubstituted
b。n。ylL-a。partatebyvariati。ninthem。n。merrati。3Q)The
presentresultdemonstratesthattheenerqyrequiredfortheconfor-
mationalchanqecomesfromcisformsinthesidechain,orlight
ene「9y・
Theinfraredspectraoftheparacopo工yrrlerwith59亀azo
residuesinthecourseofrelaxationareshowninFig. .20.Before
irradiation,thespectrurnofthecopo三by皿ershows七heamide工a七
・665。m`1,theamide五atl560cm需1andthee。tercarb。nylatl738
cm-1。haracteri。ti。 。fleft-handedα.helice。30c)。nthe。ther
hand,thespec・ ヒrumafterirradiationshowsshiftedbands,theamide
-1.-1
工at工655cm,'thea皿ide皿atl558cmandtheestercarbonylat
ユ744nm"1,。haracteri。tic。friqht-handedα 一h。エices.エnthe
一42一
spectrum,absorptionsattributabletotheleft-handedhelixremain
asshoulders・Thusthepolyrnerafterirradiationisnotpurely
riqht-handedhelicalbutcontainsleft-handedconformation.The
spectrumafter20rninshowscomparableabsorptionintensitiesof
bothhelices.Thespectrulnisfinallyrestoredtotheoriqinalone.
一43一
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residuesbefore(a}andafter(blOmin,c,20min,
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CHAPTERFOUR
Kine七icStudiesofTherma1工somerizationof
intheSideChainofPolypeptides
ロ コ
A20benzeneMo二Let■es
4-1
4--2
4-3
In七roduction
Experimental
ロ ほ
ResultsandD■scuss■on
4-1 工ntroduction
Therearemanyreportsonthethermaユ .cis-transisomerizationof
azoaromaticmoleculesbuiltinthepoly皿erchain5.Morawetzetal.
preparedcopolymersinwhichazobenzenegroupswereattach6dtoside
chainsofvinylPolymersandtoapartofmainchainofpoユyamides.
Theyfoundthatthecis-transis㎝erizationofthepolymersfollowed
strictlyfirstorderkineticsinsolution,whereasinthe .qlassystate
itdi&.。t.3・)Recent・y,。imi・ar。tudie。werecarried。utby
Eisenbach,whoreportedthatthesimplefirstorderkineticswere
obtainedforthecis-transisornerizationofthepoly皿erboundazo-
aromaticmoleculesinsolution.Healsofoundthedeviationfrom
thefir・t。rderkinetic。intheglassy。tate.31)G。 。dmanetal.
repor』ヒedthatthethermalisomerizationoftheside-chainazobenzene
groupsofthepolypep・ ヒidescomposedofL-p-(phenylazo)phenylalanine
fo恥lowedfirstorderkineticswithlowerrateconstantsthanthat
。ftheirm。n。mericana・ 。9。.14)。nth。 。therhand,Ciarde、 、ieta、 .
reportedthatcis-・ ヒransisomerizationofazobenzenemoietiesinthe
sidechainofpoly(glutamicacid)tookplaceaccordingtofirstロ
orderkinetics,withahaユf-1ifeof38hat20Cinchloroformsolu一
ti。n.16)
工nchapteエ 菖2and3,itwasdescribedthaヒconformational
changessuchas工eft-handedhelix≠riqht-handedhelix,left-handed
heユix⇒randomcoi1,andrandomcoilei2right-handedhelixwere
inducedbytrans-cisphotoisomerizationoftheirside-chainazo-
benzenemoieties.Inthischapter,kineticstudiesofcis-trans
thermalisomerizationofazobenzenemoietiesinthesidechainwere
carriedoutandtheisomerizationbehaviorwasdiscussedinrelation
一47一
backbonesof
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changesconformationaltheto
4-2 Experimental
Materials.Preparationandpropertiesofallpolymersused
hereweredescribedindetailinchapters2and3.IIDotiteSpectro-
sol闘qradel,2-dichloroeヒhane(DCE)anddimethylformamide(D皿F)
wereusedassolventswithoutfurrヒherpurification. む
KineticStudies.Pho・ ヒoisomerizationwascarriedoutat40C,
Theotherconditionsinphotoisomerizationwerethesameasde-
scribedinchapter2.Samplesolutionswerepreparedatsuch
concentrationasthemaximumabsorbancesnear320nmwereO.7-1.0.
Aftertheattainmentofaphotostationarystate,therateofther一む
malisomerizationwasfollowedat40±O.2Cby皿easuringtheincrease
oftheabsorptionat320nmwiththereaction・ ヒime.Ultravioletand
visiblespectraweremeasuredwithJハSCOUV工DEC-lspectrophotometer.
一49一
4-3ResultsandDiscussion
工nDCEsolution,firstorderreactionwasobservedonallthe
copolymersofY-benzylL-qlutamatewithm-,andp-(phenylazo)benzyl
L-aspartates(璽andR旦series,respectively)andsomecopolymersof
β口ben・ylL-a・partatewithm-'andp-(phenyl・ ・。)ben・y1L-aSpartates
(璽and匹series,respectively)containinqasma1ユnu血berofazo-
benzeneresidues・Photoisomerizationinducedaverysmallconfor-
mationalchangeonthesepolypeptides,ifany.
However,thefirstorderplotswerecurvedintheintialstage
forthemaand】 簗copolymerscontainingalargenumberofazobenzene
residues,inwhichconformationalchanqeswereinducedbyliqht .
SuchananomalywasnotpresentinDMFwhichisassumedtobearan-
d。m-c。i・-pr。m。ting・ 。・ventf。rthe璽and匹P・ ・ymer・.32)A・ ・the
rateconstantsobtainedbythefirstorderplotsaresumarizedin
Table4.Forthepolymerswhichshowanomalousbehavior,thevalues
wereobtainedfromthestraiqhrヒpartsofthefirstorderplots.
Therateconstantsaresimilarexceptforsome璽and匹co-
polYmerscontainingalargenumberofazobenzeneresidueswhichshow
theincreasedrateconstants(Fiq .23).Theobservedphenolnena
regardingthetherma工isomerizationof"itheazoaromaヒicresidues
attachedtothepolymerchainsseemsomewhatcomplex.Theyare
classifiedintothreecategoriesforconvenience=(1)"rigidstatel「,
inwhichcis-transisornerizationisinhibitedorveryslow}(2)
1,qlassystatel,(incluclinganalogouss七ateinsolution)
,inwhichthe
reactionisabnormallyfastintheinitialsta喧efol].owedbyslow
(bUtfasterthaninthecaseoffreeazobenzeneresidues)first
orderreaction,(3}1Ifreestate闘inwhichthethermalcis-trans
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somerizationproceedsatasimi工arratetothatofthelow-molecular
weiqhtanalogs。
田heslowtherma工cis-transisomerizationreportedbyGoo(imaneta1.
sciassifiedasrigidstateisomerization.Thesi'de-chainazo-
romaticresiduesshouldberididlyorientedfo血nganouter
elicalarrangementaroundthepolypeptidebackbone.Insuchacase
ide-chainstericrestrictionsaresosignificanttha七thecoversion
romcistotransisli1くelytobehinderedresuitinginaverysユow
乱te.Theanoma工yintheinitialstageOfcis-txansisomeriza七iOn
Dservedforsomeof聖 且andR互copolytnersischaracteristicof
Lassystateisomerization。Thesearethefirstexamplesofthe
ユrvedlineoffirstorderplotsintheinitialstageofisomer-
zationinthedilutesolution・T'heanomalyobservedmiqhtbere-
itedtothelight-inducedconfor皿ationalchangessinc色thepolymers
lichshowabnor皿alitybeユongtothosewhichundergoユight-induced
)nformationalchanges.Concerningthehomopolymerofβ 一m-(pheny:一
:o}benzylL-aspartatewhichshowsthemos七significantanomaly,
lepresenceofthestrainedconformaー ヒionisnotapParentiycolnpat-
)lewithitsrandorn-coilconformationirlducedbylight.Therefore,
二isassumedthaヒthestrainedconfor皿ationmightbeproducedwhen
Lebackboneconforma'tionreturnstohelix.Ontheotherhand,the
Lcopolymerswhichundergotheconformationalchanqeprovidelinear
,rs・ヒorderplotseveninthecisrangeoftheconformational
Langeexceptf(,rnarrowcisranqeoftheinitialanomaユy.This
!suZtsuqqeststhatnostrainedconforrnat土onisfor皿edonrヒhe
,nformationalchangebetweenbothhe工ices.AnotheraspectOfthe
assystateisthelinearfirstorderplotsinthesecondstage.
erateconstantsobtainedfromtheplotsaregreaterthanthosein
-53一
free・tate・Thean。maユyinb。th
.thefir・t・tageandtheincreased
rateinthesecondstagewerenotobservedintheassumedrandom-
coi1-promotingsolventDMF。Thereforetthepheno皿enamayresult
fromstericrestrictionsbetweentheside-chainadゴacenヒgroupson
thehelicalbackbone・ 工nmanycasesotherthantheexceptionalones
observedfor聖 豆andR三LcopolymersinDCE,thecis-transisomeriza-
tionproceededatsimilarエatesandisclassifiedasfreestate
isomerization.
Althoughitisdifficulttoenvisionhowtheー ヒhreestatescould
reflecttheactualmolecularrnotiorLiitmightbearguedthat二the
cis-・transisomerizationofazobenzeneresiduesinsolutionisnot
significantlydiffererttinthesidechainofthepolymersandin
theirlow-molecular-weightanalogsexceptforsomecasesinwhich
side-chainstericinteractionsaresignificantonhelicalpoly-
peptides.Fu、rtherstudy'一・isneededtoclarifythedetai↓edmechanism
oftheeffectoftheside-chainstericinteractionsoncis-trans
isomeri2ation.
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Tabユe4.
Therrnal工somerizationofAzoarornaticPo工ypePヒidesat40eC
Poly皿er
designation
暑Azo
residues Solvent篭cisa kXlO-hmin-1
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.apter5Conclusion
Thelight-inducedconfor珊ationalchangesofpoユypeptidesinves-
gatedinthisstudyareclassifiedintothreetypes.
1》,1eft-handedhelix≒ ≧randomcoil .
2)left-handed .helix亭 全riqht-handedhelix
3)rand。mc。ilF=i>right-handedhelix
Theseconformationalchangesarereversible,andprovidea
liquesystem甲hichrespondstolightsignaユSinanon・-offfashion・
ユrthermore,thesesystemscanbecornparedwithvisualpurplet
:odopsin.Returntotheoriginalstateispro】mo七edbyan、isom,erase
⊃rrhodopsin,butoccursspontaneouslyinthesesystems.
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Chapter6 Summary
工nthisstudy,fourcopo工ypeptideseriescomposedofβ ・一・m,iror
β一p-(phenylazo)benzylL-aspartatewerepreparedinordertoinves-
tiqatetheeffectofside-chaintrans-cisisomeri2ationontheir
main-chainconformations.Thethermalcis-transisomerizationwas
a].sostudiedkineticallyinrelationtotheconforrnationaXchanges
ofbackbone.Themechanismstatthemolecularlevel,bywhichthe
liqhtenergyistransformedintothephysioloqicalresponsesof
twophotoregulatedprocessesinnature,visionandphytochrome,were
describedatthefirstsect土oninchapterl.Photoresponsivebe-
haviorofsomeartificialsystems,suchaspo工ymers,membranes,
crownethers,andcyclodextrins,・wasalsodescribed.Atthesecond
section,theconformationalaspectsofsyntheticpolypeptideswere
described,inwhichitwassuggestedth.attheconfor皿ationalchanges
ofsubstitutedPBLAsmaybeinducedbythegeoruetricalchangesuchal
cis-transisomerizationoftheappropriates.idechainbecauseof
theirconformationalversatility.
工nchapter2,copolyme:rsofY-benzylL-glutamatewithm-,and
p-(phenylazo)benzylL-aspartateswereprepared,andtheeffectof
side-chainphotoisomerizationontheirconformationswasinv母st■gateI
bymeansofCD.Astudywas皿adeofthecirculardichroismassoci一
ナ
atedwiththen,πtransitionoftheamidegroup,aswellasthe
レ 　 ロ
extrinsicbandsassoc」Latedwiththeazochromophore.The■ntens■ty
ofthe222nmamidebandssee皿su皿affectedbytheinteractionwith
theside-chainchromophore.TheCDspectrabeforeirradiation
indicatethatpoly[β 一(m-phenylazobenzyl}L-aspartate】(m・-PALA)adopt
aleft-handed(エ ーhelicalconformationandtheothercopolymersa
一58一
:ight-handedforminl,2-dichloroethane・Afー ヒerirradiation,
:emarkablecha呼softhe222㎜bandwereobservedfortherneta
:opolymerwith89.3亀azoresiduesandm-PALA・Theinqreasedabso-
.uteellipticityfortheformerindicates-thatPhotoisomeriza・ ヒion
∋nhancesthehelicityofthepolymer.Decreaseinellipticityfor
二helatterindicatesthaヒphotoisomerizationinducestheformation
)fapPreciabZeamountofra再dom-coilform。NMRspectraofm・-PA】 」A
afterirradiationaユsosupoirtthisconformationalchange・ 工nthe
,ourseofsubsequentrelaxationofm-PALA,anabruptchangeinthe●
:Dsp6ctrawasfoundaboveSO亀ofcisfoUowedbYaqradualchange
げithdecreasingcis桔 。
工nchapter3,theconformationaユstudiesonthecopoly;nersof
β一ben・yユL-aspartatewithβ 簡 。rB-P-(phenyユaz。}ben2ylL-a・partate
Nerecarriedout.Thesepolymersinl,2-dichloroethaneshowa
CDbandat222nmcharacteristicofleft-handedct-helices.After
irradiation,remarkablechangesofthe222nmbandwereobserved
forbothmetaandparacopolymerswith㎞orethan509azoresidues。
Thedecreaseinellipticityobservedforthemetacopolymers
indicatesthatphotoisomerizationinducesasignificantinstabi工ity '
intheleft-handedα 一helicalconformation.Ontheotherhand,
theparacopolymerschangetheirsignfrompositivetonegativeby
irradiation,confirmingthereversalinhelixsense.工nthecourse
ofsubsequen『ヒrelaxationoftheirradiatedparacopolymerwith591
azoresiduestanabruptchangein'ヒheCDspectrawasfoundabove
SOgci・f。11。wedbyagradualchange。ndecreasingthec。ntenY。f
cisisomers。Concernip～Jthepolymerswithazoaro皿aticsidechains
includinqcopolyrnerswithY-benzylL-glutamaterthehe].icalsense
seemstoaffectappreciablythesignoftheside騨chainCDbands.
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工nchapter4,cis-transthe工maliso皿erizationofazobenzene
moietiesinthesidechainofpolypdptideswasstudiedandthe
resultswerediscussedinrelationtotheconformationalchangesof
theirbackbone.Adevia・ ヒionfromthefirstorderkineticswasob-
servedforsomecopolymerscon一 ヒainingalargenumberofazobenzene
residues,inwhichconformationalchangeswereinducedbyliqht .
Ontheotherhand,noanomaユousbehaviorwaspresentinarandom-
coil-promotingsolvent(DNF}.
工nthenexー ヒattempt,theconformationalchangesofphotorespon-
sivepo=Lypeptides,realizedinthecourseofthisstudy,willbeex-
tendedto七hephotorequlationofvariouskindsofchemicalfunctions
ofpolypeptides.
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